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(54) THREE-DIMENSIONAL SHAPING METHOD

(57) To provide a three-dimensional shaping method
for shaping a three-dimensional shaped object (20) ac-
cording to a design designed in advance by compensat-
ing for the surface roughness of a shaping table (3). The
present disclosure is a method for shaping a three-di-
mensional shaped object (20) using a three-dimensional
shaping device (1) including a shaping table (3) having
a substantially flat upper surface (23) on which the
three-dimensional shaped object (20) is shaped; an ejec-
tion unit that ejects ink for three-dimensional shaping, a
planar direction driving unit that relatively moves the ejec-
tion unit with respect to the shaping table in a plane par-
allel to the upper surface of the shaping table; a layering
direction scanning driving unit that relatively separates
the ejection unit and the shaping table (3) from each other
in a layering direction which is a direction perpendicularly

intersecting the planar direction and in which the ink (17)
is layered; and a flattening unit (5) that flattens the ejected
and layered ink; where a support layer (15) disposed be-
tween the shaping table (3) and the three-dimensional
shaped object (20) to support the three-dimensional
shaped object (20) from the lower side includes a plurality
of layers formed by being layered in plurals on the shap-
ing table (3) before shaping the three-dimensional
shaped object (20); and the plurality of layers have a
lower part side in a vertical direction of the plurality of
layers formed only by the planar direction driving unit
(127), and an upper part side in the vertical direction of
the plurality of layers formed using both the planar direc-
tion driving unit (127) and the layering direction scanning
driving unit (120).
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a three-di-
mensional shaping method and a three-dimensional
shaping device for shaping a shaped object having a
three-dimensional shape.

DESCRIPTION OF THE BACKGROUND ART

[0002] In recent years, a three-dimensional shaping
device (3D printer) for shaping a shaped object having a
three-dimensional shape has become widespread used.
In such a three-dimensional shaping device, for example,
the shaped object is shaped through the layering and
shaping method by overlapping a plurality of layers of ink
formed using an inkjet head.
[0003] FIG. 6 shows a configuration view explaining a
configuration of a three-dimensional shaping device 101.
The three-dimensional shaping device 101 includes a
control unit 130 for controlling the entire shaping process,
a head unit 110 having an ejection unit for ejecting drop-
lets to become a material of a three-dimensional shaped
object 112 and the like, and a shaping table 103 on which
the three-dimensional shaped object 112 is layered and
shaped. More specifically, the shaping table 103 is a ta-
ble-like member for supporting the three-dimensional
shaped object 112 being shaped, and is arranged at a
position facing the head unit 110, and has the three-di-
mensional shaped object 112 being shaped placed on
the upper surface. The shaping table 103 is scanned in
the layering direction by a layering direction scanning
driving unit 135, and the relative positional relationship
between the shaping table 103 and the head unit 110 in
the Z direction in the figure is changed.
[0004] Furthermore, the head unit 110 is two-dimen-
sionally scanned in an XY plane in the figure. More spe-
cifically, the head unit 110 is driven by a main scanning
driving unit 120 in the Y direction in the figure, which is
a main scanning direction determined in advance, and
the main scanning operation is performed. The main
scanning operation is, for example, an operation of eject-
ing droplets of ink or the like for shaping while moving in
the main scanning direction relatively to the three-dimen-
sional shaped object 112 being shaped. Furthermore,
the head unit 10 is driven and scanned by a sub-scanning
driving unit 125 in the X direction in the figure, which is
a sub-scanning direction. The driving unit for moving the
head unit 10, more specifically, the main scanning driving
unit 120, the sub-scanning driving unit 125, and the lay-
ering direction scanning driving unit 135 are controlled
by the control unit 130, respectively.
[0005] As described above, the three-dimensional
shaping device includes the shaping table 103 on which
droplets of ink or the like ejected from the ejection unit
of the head unit 10 are layered. The shaping table 103
is, for example, an aluminum flat plate which surface is

subjected to alumite-treatment, and the surface on a side
where the ink is layered is desirably substantially flat so
that the ink is flatly layered.

SUMMARY

[0006] However, irregularities actually exist on the sur-
face of the shaping table which should be substantially
flat. The surface of the shaping table has a guaranteed
value in which, for example, an arithmetic average rough-
ness is about 200 microns. In the three-dimensional
shaping, ink droplets such as an ultraviolet curable resin
are generally layered on a shaping table, but if the height
of the shaped object to be shaped is, for example, about
5 mm, the influence of irregularities on the surface of the
shaping table is not significant. However, the influence
becomes larger as the shaped object becomes larger.
[0007] FIG. 7A is an explanatory view explaining the
surface roughness of the shaping table. The surface
roughness of the shaping table has an undulation of, for
example, 200 microns, specifically about 6100 microns
with respect to the height of the average indicated with
a chain dashed line. Here, for example, as shown in FIG.
7B, assume that a support material ink is layered on the
shaping table as a foundation (see Japanese Unexam-
ined Patent Publication No. 2016-37040). Assuming that
the shaping table has the surface roughness as de-
scribed above, the surface of the foundation reflects the
surface roughness of the shaping table even if the foun-
dation is formed with the support material ink. Then, when
a shaped object is shaped on the foundation, there arises
a problem that irregularities and undulation which should
not originally be formed are shaped in a three-dimension-
al shaped object shaped by layering the ink and the like
(see FIG. 7C).
[0008] In light of the foregoing, the present disclosure
provides a three-dimensional shaping method for shap-
ing a three-dimensional shaped object according to a pre-
viously made design by compensating for the surface
roughness of a shaping table.
[0009] One way of thinking is to place a flat resin plate
on the shaping table and then shaping a shaped object
thereon, but if the resin plate and the shaped object are
strongly attached, it is difficult to detach the resulting
shaped object from the resin plate itself. Further, in some
cases, the shaped object may be damaged when being
detached. Therefore, in the present disclosure, a sup-
porting layer (foundation) having a necessary and suffi-
cient thickness and a flat surface is formed using a sup-
port material ink so as to compensate for the surface
roughness of the shaping table, and the three-dimension-
al shaped object is shaped on the foundation.

(1) The present disclosure provides a three-dimen-
sional shaping method for shaping a three-dimen-
sional shaped object using a three-dimensional
shaping device comprising a shaping table having a
substantially flat upper surface on which the three-
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dimensional shaped object is shaped; the method
comprising the steps of: by an ejection unit, ejecting
ink for three-dimensional shaping; by a planar direc-
tion driving unit, relatively moving the ejection unit
with respect to the shaping table in a plane parallel
to the upper surface of the shaping table; by a lay-
ering direction scanning driving unit, relatively sep-
arating the ejection unit and the shaping table from
each other in a layering direction which is a direction
perpendicularly intersecting the planar direction and
in which the ink is layered; by a flattening unit, flat-
tening the ejected and layered ink; and layering a
plurality of layers on the shaping table before shap-
ing the three-dimensional shaped object to form a
support layer disposed between the shaping table
and the three-dimensional shaped object to support
the three-dimensional shaped object from the lower
side; wherein the plurality of layers have a lower part
side in a vertical direction of the plurality of layers
formed only by the planar direction driving unit, and
an upper part side in the vertical direction of the plu-
rality of layers formed using both the planar direction
driving unit and the layering direction scanning driv-
ing unit.
According to the disclosure described in (1), with re-
spect to the surface roughness, specifically, irregu-
larities and undulation of the upper surface of the
shaping table, a support layer having a sufficient
thickness is layered using a support material ink on
the shaping table and then flattened, so that a foun-
dation having a flat surface can be formed, and an
excellent effect is obtained in that the quality of a
three-dimensional shaped object to be shaped on
the foundation is improved.
Furthermore, when forming the lower part side of the
support layer, the layering time for eliminating the
surface roughness of the shaping table can be short-
ened since the shaping table is not moved in the
layering direction. Moreover, when forming the up-
per part side of the support layer, the shaping table
is lowered, thereby achieving an excellent effect in
that interference between the flattened portion, the
ink layered and cured as the lower part side, and the
ejection unit can be prevented.
(2) The present disclosure provides the three-dimen-
sional shaping method according to (1), where the
separating step comprises relatively separating the
ejection unit and the shaping table from each other
in the layering direction each time one layer of the
upper part side in the vertical direction of the plurality
of layers is layered.
According to the disclosure described in (2), since
the ejection unit and the shaping table can be rela-
tively separated in the layering direction each time
one layer of the upper part side of the support layer
is layered, the interference of the cured ink and the
ejection unit can be prevented.
(3) The present disclosure provides the three-dimen-

sional shaping method according to (1) or (2), further
comprising the step of increasing a shaping table
gap which is a distance between the shaping table
and the flattening unit, every time the ejection unit is
caused to carry out a predetermined number of pla-
nar direction scanning operations of ejecting the ink
while relatively moving in the planar direction set in
advance for the formation of the upper part side;
wherein a layering direction scanning distance which
is a distance change amount in the layering direction
in the layering direction scanning operation of the
layering direction driving unit is smaller than a thick-
ness on the upper part side ejected and layered from
the ejection unit when the ejection unit carries out
the predetermined number of planar direction scan-
ning operations with respect to each position in the
support layer.
According to the disclosure described in (3), since
the layering direction scanning distance which is the
distance change amount in the layering direction is
smaller than the thickness of layering the upper part
side of the support layer, an excellent effect is ob-
tained in that the flatness of the upper part of the
support layer is ensured.
(4) The present disclosure provides the three-dimen-
sional shaping method according to any one of (1)
to (3), where the flattening unit is not brought into
contact with the support layer being formed while
layering the lower part side, and the flattening unit
is brought into contact with the support layer during
scanning in the planar direction of at least a few times
while controlling the upper part side.
According to the disclosure described in (4), when
forming the lower part side of a plurality of layers,
the shaping table gap, which is the distance between
the shaping table and the flattening unit, is not
changed, and hence the time for scanning the shap-
ing table in the layering direction can be reduced and
the time required for shaping can be reduced. Fur-
thermore, with respect to the upper part side of the
plurality of layers, since the surface can be flattened,
the support layer having a flat surface can be formed.
Therefore, the quality of the three-dimensional
shaped object to be shaped on the support layer is
improved.
(5) The present disclosure provides the three-dimen-
sional shaping method according to any one of (1)
to (4), further comprising the step of, before the ejec-
tion unit ejects a support material ink to form the sup-
port layer, making a sum of a shaping table gap,
which is a distance between the shaping table and
the flattening unit, and a surface roughness of the
upper surface of the shaping table to be greater than
or equal to twice the surface roughness.
According to the disclosure described in (5), the sum
of the shaping table gap, which is the distance be-
tween the shaping table and the flattening unit, and
the surface roughness of the upper surface of the
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shaping table is set to be greater than or equal to
twice the surface roughness in advance, and thus
an excellent effect is obtained in that the support
layer formed using the support material ink can be
layered with a sufficient thickness.
(6) The present disclosure provides the three-dimen-
sional shaping method according to any one of (1)
to (5), where the lower part side of the plurality of
layers is thicker than the upper part side.
According to the disclosure described in (6), when
compensating for the surface roughness, specifical-
ly, the irregularities and undulation of the upper sur-
face of the shaping table using the support material
ink on the shaping table, the number of layering for
the base can be reduced, and consequently, the lay-
ering time can be reduced by layering the lower part
side of the base so as to be thicker than the upper
part side.
(7) The present disclosure provides the three-dimen-
sional shaping method according to any one of (1)
to (6), where a distance between the upper surface
of the support layer and a bottom portion of a deepest
valley is greater than a maximum height which is the
sum of the height of a mountain with the highest sur-
face roughness of the shaping table and the depth
of the deepest valley.
According to the disclosure described in (7), since
the thickness layered on the lower part side of the
plurality of layers is larger than the surface rough-
ness on the upper surface of the shaping table, the
quality of the three-dimensional shaped object
shaped on the support layer is improved, and as the
upper surface of the shaping table is reliably covered
with the support layer, the three-dimensional shaped
object shaped thereon can be easily detached from
the shaping table.
(8) The present disclosure provides the three-dimen-
sional shaping method according to any one of (1)
to (7), further comprising the step of: while the lay-
ering direction scanning driving unit changes the
shaping table gap, by a control unit configured to
control the entire three-dimensional shaping device,
controlling the ejection unit to form the support layer
and the three-dimensional shaped object in such or-
der on the shaping table , wherein the support layer
supports the three-dimensional shaped object while
being shaped from the lower side in the vertical di-
rection.

[0010] According to the disclosure described in (8), the
surface roughness, specifically, irregularities and undu-
lation of the upper surface of the shaping table are com-
pensated by forming a flat foundation on the shaping ta-
ble using the support material ink, and then the three-
dimensional shaped object is formed thereafter, whereby
the quality of the three-dimensional shaped object is im-
proved.
[0011] According to the three-dimensional shaping

method of claims 1 to 8 of the present disclosure, with
respect to the surface roughness, specifically, irregular-
ities and undulation of the upper surface of the shaping
table, the support layer having a sufficient thickness is
layered on the shaping table using the support material
ink and then flattened, whereby a foundation having a
flat surface can be formed, and the quality of the three-
dimensional shaped object shaped on the foundation is
improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The above and other objects, features and ad-
vantages of the present invention will be made apparent
from the following description of the preferred embodi-
ments, given as non-limiting examples, with reference to
the accompanying drawings, in which:

FIG. 1A is an explanatory view explaining a config-
uration of a three-dimensional shaping device used
for a three-dimensional shaping method according
to an embodiment of the present disclosure. FIG. 1B
is an explanatory view of a head unit of an inkjet head.
FIG. 2A is an explanatory view explaining a surface
roughness on an upper surface of a shaping table
and a shaping table gap, which is a distance between
the shaping table and a flattening unit. FIG. 2B is an
explanatory view explaining a mode in which a lower
part side of a support layer is formed on the shaping
table using the support material ink without changing
the shaping table gap.
FIG. 3A is an explanatory view explaining a mode in
which the head unit layers a first flattening base
which is an upper part side of the support layer using
the support material ink. FIG. 3B is an explanatory
view explaining a mode in which the shaping table
is moved in a positive direction in the Z direction to
increase the shaping table gap. FIG. 3C is an ex-
planatory view explaining a mode in which the first
flattening base is flattened by the flattening unit.
FIG. 4A is an explanatory view explaining a mode in
which the head unit further layers a second flattening
base as an upper part side of a support layer using
the support material ink. FIG. 4B is an explanatory
view explaining a mode in which the shaping table
is moved in a positive direction in the Z direction to
increase the shaping table gap. FIG. 4C is an ex-
planatory view explaining a mode in which the sec-
ond flattening base is flattened by the flattening unit.
FIG. 4D is an explanatory view explaining a mode in
which a valley portion is filled with the support ma-
terial ink and the upper surface of a foundation on
which the three-dimensional shaped object is
shaped is flattened.
FIG. 5 is a flowchart describing an operation of flat-
tening the surface of the foundation on which the
three-dimensional shaped object is shaped using the
support material ink.
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FIG. 6 is a configuration view describing a configu-
ration of a three-dimensional shaping device.
FIG. 7A is an explanatory view explaining the surface
roughness of the shaping table. FIG. 7B is an ex-
planatory view explaining a mode in which support
material ink is layered as the foundation on the shap-
ing table. FIG. 7C is an explanatory view explaining
an embodiment in which a shaped object is shaped
on the foundation.

DETAILED DESCRIPTION OF EMBODIMENTS

[0013] Hereinafter, embodiments of the present disclo-
sure will be described with reference to the accompany-
ing drawings.
[0014] FIGs. 1 to 5 show one example of the embodi-
ments of the disclosure, and portions denoted with the
same reference numerals in the figure indicate the same
parts. In each figure, the configuration of one part is ap-
propriately omitted to simplify the figure. The size, shape,
thickness and the like of the members are represented
in an appropriately exaggerated manner.
[0015] The three-dimensional shaping device 1 ac-
cording to the embodiment of the present disclosure may
have the same or similar configuration and features as
the known three-dimensional shaping device described
with reference to FIG. 6, excluding the points particularly
described. Specifically, the three-dimensional shaping
device 1 has the same or similar features as those of a
known shaping device that performs three-dimensional
shaping by ejecting droplets of ink or the like that is to
become a material of a shaped object using an inkjet
head. Furthermore, other than the illustrated configura-
tion, the three-dimensional shaping device 1 may also
include, for example, various types of configurations nec-
essary for shaping, and the like of the shaped object.
[0016] FIG. 1A is an explanatory view explaining a con-
figuration of a three-dimensional shaping device 1 used
in a three-dimensional shaping method according to an
embodiment of the present disclosure. The three-dimen-
sional shaping device 1 includes a shaping table 3 having
a substantially flat upper surface 23 on which a three-
dimensional shaped object 20 is shaped, an ejection unit
(not shown) for ejecting ink 17 for three-dimensional
shaping provided in a head unit 10, a main scanning driv-
ing unit 120 (see FIG. 6) for causing the ejection unit to
perform a main scanning operation of ejecting the ink 17
while relatively moving with respect to the three-dimen-
sional shaped object 20 being shaped in a preset main
scanning direction (Y direction in the figure) (see FIG. 6),
a sub-scanning driving unit 125 (see FIG. 6) for relatively
moving the ejection unit with respect to the three-dimen-
sional shaped object 20 in the sub-scanning direction (X
direction in the figure), a layering direction scanning driv-
ing unit 135 (see FIG. 6) for causing a layering direction
scanning of relatively moving the shaping table 3 with
respect to the ejection unit to be performed in a layering
direction, which is a direction in which the ink 17 is lay-

ered, a flattening unit 5 for flattening the ejected and lay-
ered ink 17, and a control unit 130 (see FIG. 6) for con-
trolling the shaping of the three-dimensional shaped ob-
ject 20.
[0017] The control unit 130 causes the ejection unit to
shape a support layer (foundation) which is a structural
object formed using a support material ink which is a
material of a support layer 15 supporting the three-di-
mensional shaped object 20 being shaped and the three-
dimensional shaped object 20 in this order while perform-
ing distance controlling of controlling a shaping table gap
G (see FIG. 2A to be described later), which is the dis-
tance between the shaping table 3 and the flattening unit
5.
[0018] In the three-dimensional shaping method ac-
cording to the embodiment of the present disclosure, the
three-dimensional shaping device 1 including the shap-
ing table 3 having a substantially flat upper surface 23
on which the three-dimensional shaped object 20 is
shaped, the ejection unit (not shown) for ejecting ink for
the three-dimensional shaping, a planar direction driving
unit 127 (see FIG. 6) for relatively moving the ejection
unit with respect to the shaping table 3 in a plane parallel
to the upper surface 23 of the shaping table, a layering
direction scanning driving unit 135 for relatively separat-
ing the ejection unit and the shaping table in a layering
direction, which is a direction perpendicularly intersecting
the planar direction and a direction in which the ink is
layered, and the flattening unit 5 for flattening the ejected
and layered ink is used.
[0019] In the present specification, the main scanning
direction and the sub-scanning direction are together de-
fined as the planar direction, and the main scanning driv-
ing unit 120 and the sub-scanning driving unit 125 are
together defined as the planar direction driving unit 127.
Furthermore, an operation of ejecting ink from the ejec-
tion unit while scanning in the planar direction is defined
as a planar direction scanning operation.
[0020] In a three-dimensional shaping method for
shaping the three-dimensional shaped object 20, the
support layer 15 (foundation 60 (see FIG. 4D to be de-
scribed later) provided between the shaping table 3 and
the three-dimensional shaped object 20 to support the
three-dimensional shaped object 20 from the lower side
includes a plurality of layers formed by layering a plurality
of them on the shaping table 3 before shaping the three-
dimensional shaped object 20, and the plurality of layers
are such that a lower part side (base 40 (see FIG. 4D to
be described later) in the vertical direction of the plurality
of layers is formed only by the planar direction driving
unit 127, and an upper part side (flattening base 57 (see
FIG. 4D to be described later) in the vertical direction of
the plurality of layers is formed using both the planar di-
rection driving unit 127 and the layering direction scan-
ning driving unit 135.
[0021] Next, the control of the three-dimensional shap-
ing device 1 used in the shaping method according to
the embodiment of the disclosure will be described in
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detail.
[0022] The control unit 130 (see FIG. 6) carries out a
control of causing the layering direction scanning driving
unit 135 to carry out the drive of the layering direction
scanning and increasing the shaping table gap G (see
FIG. 2A to be described later) every time the ejection unit
is caused to carry out the main scanning operation of
predetermined number of times, specifically, number of
passes on the same position of the three-dimensional
shaped object 20 being shaped as the distance control
of while shaping the three-dimensional shaped object 20.
[0023] The control unit 130 carries out a first distance
control of causing the ejection unit to perform the main
scanning operation of a number of times greater than a
predetermined number of times, specifically, number of
passes to the same position of the base 40 being formed
without changing the shaping table gap G, and a second
distance control of increasing the shaping table gap G
every time the ejection unit is caused to perform the main
scanning operation of a predetermined number of times,
specifically, number of passes to the same position of
the flattening base 57 (upper part side in the vertical di-
rection of a plurality of layers) being formed, as the dis-
tance control of forming the base (lower part side in the
vertical direction of a plurality of layers) 40.
[0024] The shaping table 3 is a table-shaped member
that supports the shaped object 15 being shaped, and is
disposed at a position facing the inkjet head in the head
unit 10, and has the three-dimensional shaped object 20
being shaped placed on the upper surface thereof. Fur-
thermore, in the three-dimensional shaping device 1, the
shaping table 3 has a configuration in which at least the
upper surface is movable in the layering direction, and
at least the upper surface moves according to the
progress of shaping of the three-dimensional shaped ob-
ject 20 by being driven by the layering direction scanning
driving unit 135 (see FIG. 6). In this case, the layering
direction is, for example, a direction in which the material
of shaping is layered in the layering shaping method.
More specifically, in the three-dimensional shaping de-
vice 1, the layering direction is a direction (Z direction in
the figure) orthogonal to the main scanning direction (Y
direction in the figure) and the sub-scanning direction (X
direction in the figure) set in advance in the three-dimen-
sional shaping device 1.
[0025] Furthermore, at the time of the main scanning
operation of the three-dimensional shaping device 1, the
main scanning driving unit 120 (see FIG. 6) further drives
the ultraviolet light source 9 in the head unit 10. More
specifically, the main scanning driving unit 120 cures the
ink that landed on a surface-to-be-shaped of the three-
dimensional shaped object 20 by, for example, lighting
the ultraviolet light source 9 at the time of the main scan-
ning operation. The surface-to-be-shaped of the three-
dimensional shaped object 20 is, for example, a surface
where a next layer of ink is formed by the head unit 10.
[0026] The control unit includes a CPU, a RAM, a ROM,
and the like, and executes various types of controls. The

CPU is a so-called central processing unit, and various
programs are executed to realize various functions. The
RAM is used as a work area and a storage area of the
CPU, and the ROM stores an operating system and pro-
grams executed by the CPU.
[0027] FIG. 1B is an explanatory view of the inkjet head
in the head unit 10. A more specific configuration of the
head unit 10 will be described. FIG. 1B shows one ex-
ample of a more detailed configuration of the head unit
10. In the three-dimensional shaping device 1, the head
unit 10 includes a plurality of color ink heads 160Y, 160M,
160C, 160K (hereinafter referred to as 160Y to 160K), a
shaping material head 160Mo, a white ink head 160W,
a clear ink head 160T, a support material head 160S, a
plurality of ultraviolet light sources 9, and a flattening unit
5.
[0028] The color ink heads 160Y to 160K, the shaping
material head 160Mo, the white ink head 160W, the clear
ink head 160T, and the support material head 160S are
inkjet heads that eject droplets by an inkjet method. In
the present embodiment, the color ink heads 160Y to
160K, the shaping material head 160Mo, the white ink
head 160W, the clear ink head 160T, and the support
material head 160S are inkjet heads that eject droplets
of ultraviolet curable ink, and are arranged side by side
in the main scanning direction (Y direction) with their po-
sitions in the sub-scanning direction (X direction) aligned.
[0029] For the color ink heads 160Y to 160K, the shap-
ing material head 160Mo, the white ink head 160W, the
clear ink head 160T, and the support material head 160S,
for example, known inkjet heads can be suitably used.
Furthermore, each of such inkjet heads includes a nozzle
row, in which a plurality of nozzles 150 are lined in the
sub-scanning direction, on a surface facing the shaping
table 3. In this case, the nozzle 150 of each inkjet head
eject droplets in a direction toward the shaping table 3.
[0030] The arrangement of the color ink heads 160Y
to 160K, the shaping material head 160Mo, the white ink
head 160W, the clear ink head 160T, and the support
material head 160S is not limited to the illustrated con-
figuration, and may be variously changed. For example,
some inkjet heads may be arranged so as to be shifted
in position in the sub-scanning direction from other inkjet
heads. Further, the head unit 10 may further include, for
example, an inkjet head for colors such as light color, R
(red) G (green) B (blue), orange and the like.
[0031] The color ink heads 160Y to 160K are coloring
inkjet heads that eject droplets of color inks of different
colors, respectively. In this embodiment, the color ink
heads 160Y to 160K eject liquid droplets of ultraviolet
curing ink of each color of Y (yellow), M (magenta), C
(cyan), and K (black).
[0032] The shaping material head 160Mo is an inkjet
head that ejects droplets of ink used for shaping the inside
of a shaped object, and for example, ejects droplets of
ink used for shaping a region that is not colored in the
shaped object 20. In the present embodiment, the shap-
ing material head 160Mo ejects droplets of shaping ink
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of a predetermined color. The shaping ink may be, for
example, an ink dedicated to shaping. In the three-di-
mensional shaping device 1, the shaping ink is an ink
having a color different from each color of CMYK. Con-
sideration is made to using, for example, white ink, clear
ink, or the like as the shaping ink.
[0033] The white ink head 160W is an inkjet head that
ejects droplets of white (W) ink. The clear ink head 160T
is an inkjet head that ejects droplets of clear ink. In this
case, the clear ink is, for example, a colorless transparent
ink.
[0034] The support material head 160S is an inkjet
head that ejects droplets containing the material of the
support layer 15. A water soluble material that can be
dissolved in water after the shaping of the shaped object
20 can be suitably used for the material of the support
layer 15. In this case, a material which curing degree by
the ultraviolet light is weaker and which can be easily
decomposed than the material configuring the shaped
object 20 is preferably used. More specifically, a known
material for the support layer can be suitably used for the
material of the support layer 15.
[0035] The support layer 15 is, for example, a layered
structural object formed under an overhang shape part
during shaping, for example, in the case of shaping the
shaped object 20 having an overhang shape. The sup-
port layer 15 is formed as necessary at the time of shaping
of the shaped object 20 and removed after the completion
of the shaping. In the three-dimensional shaping device
1, the support material ink forming the support layer 15
is not used only for shaping the shaped object 20 having
an overhang shape, but also for forming the base 40 cov-
ering the surface roughness of the shaping table 3.
[0036] It is assumed that the shaping material ink head
160Mo is present, but the shaping material ink head
160Mo may not be provided.
[0037] The flattening unit 5 is a flattening means for
flattening the layer of the ink 17 formed during the shaping
of the shaped object 20 or the like. In the present em-
bodiment, the flattening unit 5 includes at least a flatten-
ing roller 33 (see FIG. 2A to be described later) and is
disposed between the arrangement of inkjet heads and
the ultraviolet light source 9. Thus, the flattening unit 5
is arranged side by side in the main scanning direction
(Y direction in the figure) with the positions in the sub-
scanning direction (X direction in the figure) aligned with
respect to the arrangement of the inkjet heads. Further-
more, in this case, for example, the flattening roller 33
flattens the layer of ink by making contact with a surface
of the layer of ink and removing one part of the ink before
curing at the time of the main scanning operation.
[0038] In the three-dimensional shaping device 1 used
in the three-dimensional shaping method according to
the present embodiment, the head unit 10 includes only
one flattening roller 33. In this case, the flattening unit 5
is arranged, for example, between the ultraviolet light
source 9 on one end side in the head unit 10 and the
arrangement of the inkjet heads. Furthermore, in this

case, the main scanning driving unit 120 (see FIG. 6) at
least causes the head unit 10 to carry out the main scan-
ning operation in a direction (one direction in the main
scanning direction) in which the flattening unit 5 becomes
the backward side than the arrangement of the inkjets.
Then, the flattening unit 5 flattens the layer of ink during
the main scanning operation in this direction.
[0039] The plurality of ultraviolet light sources 9 have
a configuration for curing the ink, and generate an ultra-
violet light for curing the ultraviolet curable ink. For ex-
ample, UVLED (ultraviolet LED) and the like can be suit-
ably used for the ultraviolet light source 9. Furthermore,
consideration is also made to use metal halide lamp, mer-
cury lamp, and the like for the ultraviolet light source 9.
In addition, in the present embodiment, each of the plu-
rality of ultraviolet light sources 9 is arranged on one end
side and the other end side in the main scanning direction
in the head unit 10 so as to sandwich the arrangement
of inkjet heads (color ink heads 160Y to 160K, shaping
material head 160Mo, white ink head 160W, clear ink
head 160T, support member head 160S) in between.
[0040] FIG. 2A is an explanatory view explaining the
surface roughness on the upper surface 23 of the shaping
table 3 and the shaping table gap G, which is the distance
between the shaping table 3 and the flattening unit 5. In
this case, the shaping table gap G is defined as the dif-
ference between, for example, a lower surface part 35
of the flattening roller and the height of a summit portion
25 of the undulation on the upper surface 23 of the shap-
ing table 3.
[0041] The shaping table 3 is a flat plate in which the
upper surface 23 is substantially flat, but actually has
surface roughness. Specifically, for example, the differ-
ence in the Z direction, specifically a distance D between
the summit portion 25 where the distance from the lower
surface part 35 of the flattening roller becomes the closest
and a valley portion (bottom portion) 30 where the dis-
tance from the lower surface part 35 of the flattening roller
becomes the farthest corresponds to, for example, the
surface roughness or 200 microns, specifically, arithme-
tic average roughness or ten point average roughness,
or the like. Assuming a plane including the lower surface
part 35 of the flattening roller and being parallel to the
XY plane is a flattened surface U, a plane including the
summit portion 25 of the undulation on the upper surface
23 of the shaping table 3 and being parallel to the XY
plane is a summit surface VI, and a plane including the
valley bottom (bottom portion) of the valley portion 30 of
the undulation on the upper surface 23 of the shaping
table 3 is a valley bottom surface V2, the distance in the
Z direction of the flattened surface U and the summit
surface V1 is defined as the shaping table gap G. The
distance in the Z direction between the summit surface
V1 and the valley bottom surface V2 corresponds to D.
[0042] Prior to the formation of the base 40 to be de-
scribed below, specifically, before the head unit 10 (see
FIG. 1B) ejects the support material ink to form the base
40, the sum of the size of the shaping table gap G and
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the size D of the surface roughness is desirably greater
than or equal to twice the surface roughness of the upper
surface 23 of the shaping table 3. Specifically, for exam-
ple, if the surface roughness is 200 microns, the shaping
table gap G is desirably 400 microns to 600 microns,
specifically 500 microns.
[0043] Hereinafter, the operation of compensating for
the surface roughness of the shaping table 3 to form a
flat foundation 60 will be described with reference to
FIGs. 2B, 3 and 4.
[0044] FIG. 2B is an explanatory view explaining a
mode in which the base 40 is formed on the shaping table
3 using the support material ink without changing the
shaping table gap G. In this case, the thickness T1 of the
base 40 is greater than the surface roughness of the up-
per surface 23 of the shaping table 3. Specifically, for
example, when the surface roughness is 200 microns,
the thickness T1 of the base is desirably, for example,
300 microns. The support material ink forming the base
40 having the thickness T1 is realized by carrying out
layering of 5 layers to 15 layers when, for example, lay-
ering 35 microns for every main scanning operation of a
predetermined number of times, specifically, number of
passes. However, as shown in FIG. 2B, even if the base
40 is formed in this way, the surface roughness of the
upper surface 23 of the shaping table 3 of the shaping
table 3 is directly reflected on the surface of the base 40.
In the base 40, the base summit surface V3 including the
summit portion 45 of the base and being parallel to the
XY plane and the flattened surface U including the lower
surface portion 35 of the flattening roller and being par-
allel to the XY plane desirably substantially coincide.
[0045] FIG. 3A is an explanatory view explaining a
mode in which the first flattening base 50 is further lay-
ered using the support material ink by the head unit 10
(see FIG. 1B). The thickness of the first flattening base
50 is T2, and takes, for example, a value between 10
microns and 100 microns, specifically 35 microns.
[0046] FIG. 3B is an explanatory view explaining a
mode in which the shaping table 3 is moved in the positive
direction in the Z direction in the figure to increase the
shaping table gap G. At this time, the first flattening base
50 is not irradiated with ultraviolet light from the ultraviolet
light source 9 (see FIG. 1A), and the first flattening base
50 is not cured. The moving distance M1 of the shaping
table is, for example, 30 microns.
[0047] FIG. 3C is an explanatory view explaining a
mode in which the first flattening base 50 is flattened by
the flattening unit 5 (see FIG. 1A). More specifically, the
flattening roller 33 is moved in the main scanning direc-
tion, more specifically in the negative direction in the Y
direction in the figure, thereby scraping off the ink forming
the first flattening base 50. Therefore, for example, when
the thickness T2 of the base is 35 microns, the first flat-
tening base 50 is scraped off by 5 microns and the flat
portion P is formed.
[0048] Summarizing the operations of FIGs. 2B, 3A,
3B, and 3C, the flattening unit 5 does not make contact

with the support layer which is the base being formed
during the first distance control (see FIG. 2B), and the
flattening unit 5 makes contact with the support layer
which is the upper part side (flattening base 57 (see FIG.
4D)) in the vertical direction of a plurality of layers being
formed during the main scanning operation of at least a
few times (see e.g., FIG. 3C) during the second distance
control. At this time, the control unit causes the layering
direction scanning driving unit 135 to carry out the layer-
ing direction scanning operation of a predetermined dis-
tance every time the main scanning operation of a pre-
determined number of times, specifically, number of
passes is carried out with respect to each position on the
upper part side in the vertical direction of a plurality of
layers during the second distance control (see FIG. 3B).
[0049] FIG. 4A is an explanatory view explaining a
mode in which the second flattening base 55 is further
layered with the head unit 10 using the support material
ink. The second flattening base 55 is formed on the first
flattening base 50 by further ejecting the support material
ink from the head unit 10 (see FIG. 1A). At this time, for
example, the thickness T2 of the second flattening base
55 is 35 microns.
[0050] FIG. 4B is an explanatory view explaining a
mode in which the shaping table 3 is further moved in
the positive direction in the Z direction to increase the
shaping table gap G.
At this time, the first flattening base 50 has already been
irradiated with ultraviolet light from the ultraviolet light
source 9 and the curing is completed, but the second
flattening base 55 is not irradiated with ultraviolet light
from the ultraviolet light source 9 (see FIG. 1A), and the
second flattening base 55 is not cured. The moving dis-
tance M2 of the shaping table is, for example, 30 microns.
[0051] FIG. 4C is an explanatory view explaining a
mode in which the first flattening base 55 is flattened by
the flattening unit 5 (see FIG. 1A). Specifically, the flat-
tening roller 33 is moved in the main scanning direction,
more specifically, in the negative direction in the Y direc-
tion in the figure, thereby scraping off the ink forming the
second flattening base 55. Therefore, for example, when
the thickness T3 of the base is 35 microns, the second
flattening base 55 is scraped by 5 microns so that the flat
portion P is formed wider than in FIG. 3C. In other words,
it is synonymous with the depth of the valley portion 30
being shallower by 5 microns.
[0052] FIG. 4D is an explanatory view explaining a
mode in which the valley portion 30 is filled with the sup-
port material ink and the upper surface of the foundation
60 on which the three-dimensional shaped object is
shaped is flattened. Specifically, for example, when the
valley portion 30 has the depth of D, specifically, 200
microns as shown in FIG. 2B, 40 layers to 50 layers, for
example, are layered as the flattening base 57 so that
the surface roughness of the shaping table 3 is compen-
sated by the foundation 60 and a flat upper surface 70
formed by using the support material ink is obtained.
[0053] The compensation of the surface roughness de-
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scribed above can be represented as having the distance
between the upper surface of the support layer, which is
the foundation, and the bottom portion of the deepest
valley greater than the maximum height, which is the sum
of the height of the mountain having the highest surface
roughness of the shaping table 3 and the depth of the
deepest valley.
[0054] According to the embodiment of the present dis-
closure, with respect to the surface roughness of the up-
per surface 23 of the shaping table, more specifically the
irregularities and undulation, the support layer of suffi-
cient thickness is layered on the shaping table 3 using
the support material ink and then flattened, so that the
foundation 60 having a flat surface can be formed, and
an excellent effect is obtained in that the quality of the
three-dimensional shaped object 20 to be shaped on the
foundation 60 is improved.
[0055] Furthermore, when forming the lower part side
40, the layering time for eliminating the surface rough-
ness of the shaping table 3 can be shortened since the
shaping table 3 is not moved in the layering direction.
Furthermore, when forming the upper part side 57, an
excellent effect is obtained in that the interference of the
flattening unit 5, the ink layered and cured as the lower
part side 40, and the ejection unit can be prevented by
lowering the shaping table.
[0056] Next, the entire operation of flattening the sur-
face of the base on which the three-dimensional shaped
object is shaped using the support material ink will be
described using the flowchart shown in FIG. 5.
[0057] First, the sum of the shaping table gap G and
the surface roughness is set to a distance greater than
or equal to twice the surface roughness (step S1). At this
time, the distance may be controlled by the control unit
using various distance meters or the like. Next, the sup-
port material ink is layered thicker than the surface rough-
ness (step S2). For example, when the surface rough-
ness, more specifically, the ten point average roughness
is 200 microns, the support material ink is layered for, for
example, 220 microns. Thereafter, although not shown,
the support material ink is cured by the ultraviolet light
source 9. Then, the support material ink is further layered
as the flattening base 57 (step S3). At this time, the thick-
ness to be layered is defined as T. In the next step, the
shaping table 3 (see FIG. 1A) is lowered in the Z direction
to enlarge the shaping table gap G (Step S4). Defining
the distance by which the shaping table gap G is enlarged
as M, T > M is desired for flattening, which is the next
step. Then, the layered flattening base is flattened by the
flattening unit 5 (see FIG. 1A), and then irradiated with
the ultraviolet light by the ultraviolet light source 9 to cure
the flattening base (step S5). When the valley portion 30
(see e.g., FIG. 3C) is filled and irregularities reflecting
the surface roughness of the shaping table 3 are elimi-
nated, the flattening operation is terminated (YES side
of step S6). When the valley portion 30 (see, e.g., FIG.
3C) is remained and the irregularities reflecting the sur-
face roughness of the shaping table 3 have not been

eliminated, the process returns to step S3 and the flat-
tening base is further layered (NO side of step S6).
[0058] According to the three-dimensional shaping
method of the embodiment of the present disclosure, an
excellent effect is obtained in that the surface roughness,
specifically, the irregularities and undulation of the upper
surface of the shaping table can be compensated using
the support material ink on the shaping table with the
minimum number of layering.
[0059] According to the present disclosure, while the
layering direction scanning driving unit is changing the
shaping table gap, which is the distance between the
shaping table and the flattening unit, the control unit that
carries out the control of the entire three-dimensional
shaping device controls the ejection unit to form on the
shaping table the support layer, which supports the three-
dimensional shaped object being shaped from the lower
side in the vertical direction, and the three-dimensional
shaped object in such order on the shaping table.
[0060] According to the three-dimensional shaping
method of the embodiment of the present disclosure, with
respect to the surface roughness, specifically, the irreg-
ularities and undulation of the upper surface 23 of the
shaping table 3, the foundation 60 having a flat surface
can be formed by layering and flattening the support layer
of sufficient thickness on the shaping table 3 using the
support material ink, so that an excellent effect is ob-
tained in that the quality of the three-dimensional shaped
object to be shaped on the foundation 60 is improved.
[0061] Furthermore, when forming the lower part side
40 of the support layer, the layering time for eliminating
the surface roughness of the shaping table 3 can be
shortened since the shaping table 3 is not moved in the
layering direction. Moreover, when forming the upper part
side 57 of the support layer, an excellent effect is obtained
in that the interference of the flattening unit 5, the ink
layered and cured as the lower part side 40, and the
ejection unit can be prevented by lowering the shaping
table 3.
[0062] According to the three-dimensional shaping
method of the embodiment of the present disclosure,
since the ejection unit and the shaping table 3 can be
relatively separated in the layering direction every time
one layer of the upper part side 57 of the support layer
is layered, an effect is obtained in that the interference
between the cured ink and the ejecting unit can be pre-
vented.
[0063] According to the three-dimensional shaping
method of the embodiment of the present disclosure,
since the layering direction scanning distance, which is
the distance change amount in the layering direction, is
smaller than the thickness of layering the upper part side
57 of the support layer, an excellent effect is obtained in
that the flatness on the upper part side 57 of the support
layer is ensured.
[0064] According to the three-dimensional shaping
method of the embodiment of the present disclosure,
when forming the lower part side 40 of a plurality of layers,
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the shaping table gap G, which is the distance between
the shaping table 3 and the flattening unit 5, is not
changed, and thus an effect is obtained in that the time
for scanning the shaping table 3 in the layering direction
can be reduced and the time for shaping can be reduced.
Furthermore, with respect to the upper part side 57 of
the plurality of layers, a support layer having a flat surface
can be formed since the surface can be flattened. There-
fore, the quality of the three-dimensional shaped object
to be shaped on the support layer is improved.
[0065] According to the three-dimensional shaping
method of the embodiment of the present disclosure, the
sum of the shaping table gap G, which is the distance
between the shaping table 3 and the flattening unit 5, and
the surface roughness of the upper surface 23 of the
shaping table 3 is made to a distance greater than or
equal to twice the surface roughness in advance, and
hence an excellent effect is obtained in that the support
layer formed using the support material ink can be lay-
ered with a sufficient thickness.
[0066] According to the three-dimensional shaping
method of the embodiment of the present disclosure,
when compensating the surface roughness, specifically,
irregularities and undulation of the upper surface 23 of
the shaping table 3 using the support material ink on the
shaping table 3, the lower part side 40 of the support
layer is layered thicker than the upper part side 57 so
that the number of layering for the foundation can be
reduced and consequently the layering time can be short-
ened.
[0067] According to the three-dimensional shaping
method of the embodiment of the present disclosure,
since the thickness layered on the lower part side 40 of
the plurality of layers is larger than the surface roughness
on the upper surface of the shaping table, the quality of
the three-dimensional shaped object shaped on the sup-
port layer is improved and the upper surface 23 of the
shaping table 3 is reliably covered with the support layer,
so that an excellent effect is obtained in that the three-
dimensional shaped object shaped thereon can be easily
detached from the shaping table.
[0068] According to the three-dimensional shaping
method of the embodiment of the present disclosure, the
surface roughness, specifically, irregularities and undu-
lation of the upper surface 23 of the shaping table 3 is
compensated by forming the flat foundation 60 using the
support material ink on the shaping table 3 and then the
three-dimensional shaped object is formed, so that the
quality of the three-dimensional shaped object is im-
proved.
[0069] The present disclosure and effects thereof are
summarized as follows in another format.

(1) The present disclosure provides a three-dimen-
sional shaping device including a shaping table hav-
ing a substantially flat upper surface on which the
three-dimensional shaped object is shaped; an ejec-
tion unit that ejects ink for three-dimensional shap-

ing; a main scanning direction driving unit that caus-
es the ejection unit to carry out a main scanning op-
eration of ejecting the ink while relatively moving with
respect to the three-dimensional shaped object be-
ing shaped in a main scanning direction set in ad-
vance; a layering direction scanning driving unit that
causes a layering direction scanning of relatively
moving the shaping table with respect to the ejection
unit to be carried out in a layering direction, which is
a direction in which the ink is layered; a flattening
unit that flattens the ejected and layered ink; and a
control unit that controls the shaping of the three-
dimensional shaped object; where the control unit
causes the ejection unit to shape a base, which is a
structural object, formed using a support material ink
to become a material of a support layer supporting
the three-dimensional shaped object being shaped
and the three-dimensional shaped object in such or-
der on the shaping table while carrying out distance
control of controlling a shaping table gap, which is a
distance between the shaping table and the flatten-
ing unit; the control unit causes the layering direction
scanning driving unit to carry out a drive of the lay-
ering direction scanning to increase the shaping ta-
ble gap each time the ejection unit is caused to carry
out a predetermined number of main scanning op-
erations to a same position on the three-dimensional
shaped object being shaped as the distance control
during the shaping of the three-dimensional shaped
object; and the control unit carries out a first distance
control of causing the ejection unit to carry out the
main scanning operation of a number of times great-
er than the predetermined number of times to a same
position on the base being formed without changing
the shaping table gap and a second distance control
of increasing the shaping table gap each time the
ejection unit is caused to carry out the predetermined
number of main scanning operations to the same
position on the base being formed as the distance
control during the formation of the base.
According to the disclosure described in (1), with re-
spect to the surface roughness, specifically, irregu-
larities and undulation of the upper surface of the
shaping table, a base of sufficient thickness is lay-
ered and flattened on the shaping table using the
support material ink so that a base having a flat sur-
face can be formed, whereby an excellent effect is
obtained in that the quality of the three-dimensional
shaped object shaped on the base is improved
(2) The present disclosure provides the three-dimen-
sional shaping device according to (1), where the
flattening unit is not brought into contact with the sup-
port layer being shaped during the first distance con-
trol, and the flattening unit is brought into contact
with the support layer during the main scanning op-
eration of at least a few times during the second dis-
tance control.
According to the disclosure described in (2), the base
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is formed using the support material ink without
changing the shaping table gap, which is the dis-
tance between the shaping table and the flattening
unit, during the first distance control, and thus the
time for scanning the shaping table in the layering
direction can be reduced, and the time for shaping
can be reduced. Furthermore, during the second
control, the surface of the base can be flattened, so
that a base having a flat surface can be formed.
Therefore, an excellent effect is obtained in that the
quality of the three-dimensional shaped object
shaped on the base is improved.
(3) The present disclosure provides the three-dimen-
sional shaping device according to (1) or (2), where
during the second distance control, the control unit
causes the layering direction scanning driving unit
to carry out the layering direction scanning operation
of a predetermined distance every time the prede-
termined number of main scanning operations are
performed on each position in the base.
According to the disclosure described in (3), as the
layering direction scanning is carried out every time
the predetermined number of main scanning opera-
tions, specifically, every time the operation of eject-
ing ink or the like from the ejection unit is carried out
by a predetermined number of times, for example,
by the number of pass number while changing the
relative positional relationship between the ejection
unit and the shaping table for the base, a fine layering
and flattening can be performed on the base, and a
base having an extremely flat surface can be formed
with a necessary and sufficient amount of ink.
(4) The present disclosure provides the three-dimen-
sional shaping device according to any one of (1) to
(3), where the thickness of the base ejected from the
ejection unit and layered during the first distance
control is larger than the surface roughness of the
upper surface of the shaping table.
According to the disclosure described in (4), since
the thickness of the base layered during the first dis-
tance control is larger than the surface roughness of
the upper surface of the shaping table, the upper
surface of the shaping table is reliably covered with
the base, and hence the three-dimensional shaped
object shaped thereon can be easily detached from
the shaping table.
(5) The present disclosure provides the three-dimen-
sional shaping device according to (4), where the
surface roughness of the upper surface is an arith-
metic mean roughness or a ten point average rough-
ness.
According to the disclosure described in (5), since
the thickness of the base layered during the first dis-
tance control is larger than the arithmetic average
roughness or the ten point average roughness which
is the surface roughness on the upper surface of the
shaping table, the upper surface of the shaping table
is reliably covered with the base, whereby the three-

dimensional shaped object shaped thereon can be
easily detached from the shaping table.
(6) The present disclosure provides the three-dimen-
sional shaping device according to (4) or (5), where
before the ejection unit ejects the support material
ink to form the base, the control unit sets a sum of
the shaping table gap and the surface roughness of
the upper surface of the shaping table to greater than
or equal to twice the surface roughness.
According to the disclosure described in (6), the sum
of the shaping table gap, which is the distance be-
tween the shaping table and the flattening unit, and
the surface roughness on the upper surface of the
shaping table, is made to be a distance greater than
or equal to twice the surface roughness in advance,
so that the base formed by using the support material
ink can be layered with a sufficient thickness.
(7) The present disclosure provides the three-dimen-
sional shaping device according to any one of (1) to
(6), where the control unit controls the operation of
forming the base on the basis of a designation of a
base forming mode indicating the manner of forming
the base, and also accepts from a user an instruction
to select one of the plurality of base forming modes
different from each other; and at least a mode of
forming the base by carrying out the first distance
control and the second distance control, and a mode
of forming the base without carrying out the first con-
trol can be selected as the plurality of base forming
modes.
According to the disclosure described in (7), since
the mode of forming the base by carrying out the first
distance control and the second distance control,
and the mode of forming the base without carrying
out the first control can be selected, the user can
appropriately form an optimum base.
(8) The present disclosure provides a three-dimen-
sional shaping method for shaping a three-dimen-
sional shaped object by ejecting ink, where with re-
spect to a three-dimensional shaping device includ-
ing a shaping table having a substantially flat upper
surface on which the three-dimensional shaped ob-
ject is shaped; an ejection unit that ejects ink for
three-dimensional shaping; a main scanning direc-
tion driving unit that causes the ejection unit to carry
out a main scanning operation of ejecting the ink
while relatively moving with respect to the three-di-
mensional shaped object being shaped in a main
scanning direction set in advance; a layering direc-
tion scanning driving unit that causes a layering di-
rection scanning of relatively moving the shaping ta-
ble with respect to the ejection unit to be carried out
in a layering direction, which is a direction in which
the ink is layered; a flattening unit that flattens the
ejected and layered ink; and a control unit that con-
trols the shaping of the three-dimensional shaped
object; the control unit causes the ejection unit to
shape a base, which is a structural object, formed
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using a support material ink to become a material of
a support layer supporting the three-dimensional
shaped object being shaped and the three-dimen-
sional shaped object in such order on the shaping
table while carrying out distance control of controlling
a shaping table gap, which is a distance between
the shaping table and the flattening unit; the control
unit causes the layering direction scanning driving
unit to carry out a drive of the layering direction scan-
ning to increase the shaping table gap each time the
ejection unit is caused to carry out a predetermined
number of main scanning operations to a same po-
sition on the three-dimensional shaped object being
shaped as the distance control during the shaping
of the three-dimensional shaped object; and the con-
trol unit includes a first distance control step of caus-
ing the ejection unit to carry out the main scanning
operation of a number of times greater than the pre-
determined number of times to a same position on
the base being formed without changing the shaping
table gap and a second distance control step of in-
creasing the shaping table gap each time the ejection
unit is caused to carry out the predetermined number
of main scanning operations to the same position on
the base being formed as the distance control during
the formation of the base.
According to the disclosure described in (8), with re-
spect to the surface roughness, specifically, irregu-
larities and undulation of the upper surface of the
shaping table, a base having a sufficient thickness
is layered on the shaping table using a support ma-
terial ink and then flattened so that a base having a
flat surface can be formed, and hence an excellent
effect is obtained in that the quality of the three-di-
mensional shaped object shaped on the base is im-
proved.
(9) The present disclosure provides a three-dimen-
sional shaping device that performs three-dimen-
sional shaping by compensating for a surface rough-
ness of a substantially flat upper surface of a shaping
table on which a three-dimensional shaped object is
shaped, where without a control unit that controls a
distance between the upper surface of the shaping
table and a flattening unit, which flattens the ejected
and layered ink, changing the distance, an ejection
unit that ejects the ink layers a support material ink
to become the material of a support layer supporting
the three-dimensional shaped object being shaped
so as to be thicker than the surface roughness; the
control unit carries out a control of increasing the
distance every time the ejection unit is caused to
carry out a predetermined number of main scanning
operations of ejecting the ink while relatively moving
with respect to the three-dimensional shaped object
being shaped in a main scanning direction set in ad-
vance, and when the control unit compares a layer-
ing direction scanning distance, which is a distance
change amount in the layering direction in the layer-

ing direction scanning operation carried out by the
layering direction scanning driving unit and a base
layered thickness, which is the thickness of the sup-
port material ink ejected and layered from the ejec-
tion unit when the ejection unit carries out a prede-
termined number of main scanning operations on
each position in the base, the layering direction scan-
ning distance is smaller than the base layered thick-
ness.
According to the disclosure described in (9), with re-
spect to the surface roughness, specifically, irregu-
larities and undulation of the upper surface of the
shaping table, a base having a sufficient thickness
is layered on the shaping table using a support ma-
terial ink and then flattened so that a base having a
flat surface can be formed, and hence an excellent
effect is obtained in that the quality of the three-di-
mensional shaped object shaped on the base is im-
proved.
(10) The present disclosure provides a three-dimen-
sional shaping method for performing three-dimen-
sional shaping by compensating for a surface rough-
ness of a substantially flat upper surface of a shaping
table on which a three-dimensional shaped object is
shaped, the method including a step in which an ejec-
tion unit that ejects the ink layers a support material
ink which is a material of a support layer supporting
the three-dimensional shaped object being shaped
so as to be thicker than the surface roughness with-
out a control unit that controls a distance between
the upper surface of the shaping table and a flatten-
ing unit that flattens an ejected and layered ink
changing the distance; and a step in which the control
unit increases the distance every time the ejection
unit is caused to carry out a predetermined number
of main scanning operations of ejecting the ink while
relatively moving with respect to the three-dimen-
sional shaped object being shaped in a main scan-
ning direction set in advance; where when the control
unit compares a layering direction scanning dis-
tance, which is a distance change amount in the lay-
ering direction in the layering direction scanning op-
eration carried out by the layering direction scanning
driving unit and a base layered thickness, which is
the thickness of the support material ink ejected and
layered from the ejection unit when the ejection unit
carries out a predetermined number of main scan-
ning operations on each position in the base, the
layering direction scanning distance is smaller than
the base layered thickness.

[0070] According to the disclosure described in (10),
with respect to the surface roughness, specifically, irreg-
ularities and undulation of the upper surface of the shap-
ing table, a base having a sufficient thickness is layered
on the shaping table using a support material ink and
then flattened so that a base having a flat surface can be
formed, and hence an excellent effect is obtained in that
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the quality of the three-dimensional shaped object
shaped on the base is improved.

Claims

1. A three-dimensional shaping method for shaping a
three-dimensional shaped object using a three-di-
mensional shaping device comprising a shaping ta-
ble having a substantially flat upper surface on which
the three-dimensional shaped object is shaped, the
method comprising the steps of:

by an ejection unit, ejecting ink for three-dimen-
sional shaping;
by a planar direction driving unit, relatively mov-
ing the ejection unit with respect to the shaping
table in a plane parallel to the upper surface of
the shaping table;
by a layering direction scanning driving unit, rel-
atively separating the ejection unit and the shap-
ing table from each other in a layering direction
which is a direction perpendicularly intersecting
the planar direction and in which the ink is lay-
ered;
by a flattening unit, flattening the ejected and
layered ink; and
layering a plurality of layers on the shaping table
before shaping the three-dimensional shaped
object to form a support layer disposed between
the shaping table and the three-dimensional
shaped object to support the three-dimensional
shaped object from the lower side; wherein
the plurality of layers have a lower part side in
a vertical direction of the plurality of layers
formed only by the planar direction driving unit,
and an upper part side in the vertical direction
of the plurality of layers formed using both the
planar direction driving unit and the layering di-
rection scanning driving unit.

2. The three-dimensional shaping method according to
claim 1, wherein the separating step comprises rel-
atively separating the ejection unit and the shaping
table from each other in the layering direction each
time one layer of an upper part side in the vertical
direction of the plurality of layers is layered.

3. The three-dimensional shaping method according to
claim 1 or 2, further comprising the step of increasing
a shaping table gap which is a distance between the
shaping table and the flattening unit, every time the
ejection unit is caused to carry out a predetermined
number of planar direction scanning operations of
ejecting the ink while relatively moving in the planar
direction set in advance for the formation of the upper
part side,
wherein a layering direction scanning distance which

is a distance change amount in the layering direction
in the layering direction scanning operation of the
layering direction driving unit is smaller than a thick-
ness on the upper part side ejected and layered from
the ejection unit when the ejection unit carries out
the predetermined number of planar direction scan-
ning operations with respect to each position in the
support layer.

4. The three-dimensional shaping method according to
any one of claims 1 to 3, wherein
the flattening unit is not brought into contact with the
support layer being formed while layering the lower
part side, and
the flattening unit is brought into contact with the sup-
port layer during scanning in the planar direction of
at least a few times while controlling the upper part
side.

5. The three-dimensional shaping method according to
any one of claims 1 to 4, further comprising the step
of, before the ejection unit ejects a support material
ink to form the support layer, making a sum of a shap-
ing table gap which is a distance between the shap-
ing table and the flattening unit, and a surface rough-
ness of the upper surface of the shaping table to be
greater than or equal to twice the surface roughness.

6. The three-dimensional shaping method according to
any one of claims 1 to 5, wherein the lower part side
of the plurality of layers is thicker than the upper part
side.

7. The three-dimensional shaping method according to
any one of claims 1 to 6, wherein a distance between
the upper surface of the support layer and a bottom
portion of a deepest valley is greater than a maximum
height which is the sum of the height of a mountain
with the highest surface roughness of the shaping
table and the depth of the deepest valley.

8. The three-dimensional shaping method according to
any one of claims 1 to 7, further comprising the step
of: while the layering direction scanning driving unit
changes the shaping table gap, by a control unit con-
figured to control the entire three-dimensional shap-
ing device, controlling the ejection unit to form the
support layer and the three-dimensional shaped ob-
ject in such order on the shaping table, wherein the
support layer supports the three-dimensional
shaped object while being shaped from the lower
side in the vertical direction.

9. A three-dimensional shaping device for shaping a
three-dimensional shaped object, comprising:

a shaping table having a substantially flat upper
surface on which the three-dimensional shaped
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object is shaped;
an ejection unit configured to eject ink for three-
dimensional shaping;
a planar direction driving unit configured to rel-
atively move the ejection unit with respect to the
shaping table in a plane parallel to the upper
surface of the shaping table;
a layering direction scanning driving unit config-
ured to relatively separate the ejection unit and
the shaping table from each other in a layering
direction which is a direction perpendicularly in-
tersecting the planar direction and in which the
ink is layered; and
a flattening unit configured to flatten the ejected
and layered ink;
wherein
a support layer disposed between the shaping
table and the three-dimensional shaped object
to support the three-dimensional shaped object
from the lower side includes a plurality of layers
formed by being layered in plurals on the shap-
ing table before shaping the three-dimensional
shaped object; and
the plurality of layers have a lower part side in
a vertical direction of the plurality of layers
formed only by the planar direction driving unit,
and an upper part side in the vertical direction
of the plurality of layers formed using both the
planar direction driving unit and the layering di-
rection scanning driving unit.

10. The three-dimensional shaping device according to
claim 9, wherein the layering direction scanning driv-
ing unit is configured to relatively separate the ejec-
tion unit and the shaping table from each other in the
layering direction each time one layer of an upper
part side in the vertical direction of the plurality of
layers is layered.

11. The three-dimensional shaping method according to
claim 9 or 10, wherein
a shaping table gap which is a distance between the
shaping table and the flattening unit is increased eve-
ry time the ejection unit is caused to carry out a pre-
determined number of planar direction scanning op-
erations of ejecting the ink while relatively moving in
the planar direction set in advance for the formation
of the upper part side; and
a layering direction scanning distance which is a dis-
tance change amount in the layering direction in the
layering direction scanning operation of the layering
direction driving unit is smaller than a thickness on
the upper part side ejected and layered from the ejec-
tion unit when the ejection unit carries out the pre-
determined number of planar direction scanning op-
erations with respect to each position in the support
layer.

12. The three-dimensional shaping device according to
any one of claims 9 to 11, wherein
the flattening unit is not brought into contact with the
support layer being formed while layering the lower
part side, and
the flattening unit is brought into contact with the sup-
port layer during scanning in the planar direction of
at least a few times while controlling the upper part
side.

13. The three-dimensional shaping device according to
any one of claims 9 to 12, wherein before the ejection
unit ejects a support material ink to form the support
layer, a sum of a shaping table gap which is a dis-
tance between the shaping table and the flattening
unit, and a surface roughness of the upper surface
of the shaping table is made to greater than or equal
to twice the surface roughness.

14. The three-dimensional shaping device according to
any one of claims 9 to 13, wherein the lower part
side of the plurality of layers is thicker than the upper
part side.

15. The three-dimensional shaping device according to
any one of claims 9 to 14, wherein a distance be-
tween the upper surface of the support layer and a
bottom portion of a deepest valley is greater than a
maximum height which is the sum of the height of a
mountain with the highest surface roughness of the
shaping table and the depth of the deepest valley.

25 26 



EP 3 530 459 A1

15



EP 3 530 459 A1

16



EP 3 530 459 A1

17



EP 3 530 459 A1

18



EP 3 530 459 A1

19



EP 3 530 459 A1

20



EP 3 530 459 A1

21



EP 3 530 459 A1

22

5

10

15

20

25

30

35

40

45

50

55



EP 3 530 459 A1

23

5

10

15

20

25

30

35

40

45

50

55



EP 3 530 459 A1

24

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2016037040 A [0007]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

